We calculate nucleosynthesis of proton-rich isotopes in the carbon-deflagration model for Type Ia supernovae (SNe Ia). The seed abundances are obtained by calculating the s-process nucleosynthesis that is expected to occur in the repeating helium shell flashes on the carbon-oxygen (CO) white dwarf (WD) during mass accretion from a binary companion. When the deflagration wave passes through the outer layer of the CO WD, p-nuclei are produced by photodisintegration reactions on s-nuclei in a region with the peak temperature ranging from 1.9 to 3.6 ×10 9 K. We confirm the sensitivity of the p-process on the initial distribution of s-nuclei. We show that the initial C/O ratio in the WD does not much affect the yield of p-nuclei. On the other hand, the abundance of 22 Ne left after the s-processing has a large influence on the p-process via 22 Ne(α,n) reaction. We find that about 50% of p-nuclides are co-produced when normalized to their solar abundances in all adopted cases of seed distribution. Mo and Ru, which are largely underproduced in Type II supernovae (SNe II), are produced more than in SNe II although they are underproduced with respect to the yield levels of other p-nuclides. The ratios between p-nuclei and iron in the ejecta are larger than the solar ratios by a factor of 1.2. We also compare the yields of oxygen, iron, and p-nuclides in SNe Ia and SNe II, and suggest that SNe Ia could make a larger contribution than SNe II to the solar system content of p-nuclei.
INTRODUCTION
Stable nuclides of atomic number Z ≥ 34 located at the neutron deficient side of the β-stability line are classified as p-nuclei (e.g. Lambert 1992; Meyer 1994; Arnould & Goriely 2003) . They consist of 35 nuclides. The production process of these p-nuclei is commonly called the p-process. The process through the photodisintegration reactions on the pre-existing heavy nuclides is, especially, referred to as the γ-process (Woosley & Howard 1978; Howard et al. 1991) . These nuclides are observed only in the solar system, since the abundances are very small, typically 1% or less in the isotopes of element (by number). Some primitive meteorites which were not in equilibrium with the bulk of the solar system materials are also found to contain very poor p-nuclei (Anders & Grevesse 1989) .
Although nucleosynthetic processes to produce p-nuclei have been studied for many astrophysical sites, the corecollapse supernova (SN) of massive stars with an H-rich envelope, i.e., a Type II supernova (SN II), has been considered as a plausible site (e.g., Woosley & Howard 1978; Rayet et al. 1990; Prantzos et al. 1990; Rayet et al. 1995; Costa et al. 2000; Rauscher et al. 2002; Iwamoto et al. 2005; Hayakawa et al. 2004 Hayakawa et al. , 2006 Hayakawa et al. , 2008 . During the SN explosion, the γ-process plays an important role in producing p-nuclei in the O-and Ne-rich layers.
Many studies of SNe II have shown that about a half of p-nuclides are reproduced in the proportion of the solar p-abundance. However, there remain two unresolved problems. First, 92, 94 Mo, 96,98 Ru, 115 Sn, and 138 La are largely underproduced compared with the distribution of the solar p-abundances. Second, the contribution of pnuclei from SNe II to their galactic evolution has been found to be smaller than that of 16 O, the main product of SNe II Rayet et al. 1995) . These results led them to conclude that SNe II could not be responsible for the whole content of solar p-nuclei.
The p-process nucleosynthesis in a supercritical accretion disk around a compact object (Fujimoto et al. 2003) and in a jet-like explosion (Nishimura et al. 2006) has been studied. Hoffman et al. (1996) suggested that nucleosynthesis in the neutrino-driven wind following the delayed explosion can produce light p-nuclei, i.e., 74 Se, 78 Kr, 84 Sr, and 92 Mo. Recently, neutrinos emitted from the collapsed core has been found to largely contribute to the production of 92, 94 Mo, 96, 98 Ru, and other light p-nuclei (Pruet et al. 2005; Fröhlich et al. 2006a,b; Pruet et al. 2006; Wanajo 2006) . This contribution might resolve the underproduction of 92, 94 Mo and 96,98 Ru in the O-and Ne-rich layers in SNe II. Costa et al. (2000) have shown that the second problem of underproduction of p-nuclei could be solved if the 22 Ne(α, n) 25 Mg reaction rate was larger by a factor of ∼ 10-50 in the temperature range of the s-process during core He burning. However, the uncertainty they expected is too large and now questioned (Jaeger et al. 2001; Koehler 2002; Karakas et al. 2006) . On the other hand, the second problem might be reconciled by considering the contribution of more energetic SNe (hypernovae) to the production of p-nuclei Hayakawa et al. 2008) .
It is less likely that uncertainties of the nuclear reaction rates such as (γ,n), (γ,α) , and (γ,p) photodisintegrations (and their inverse reactions) for nuclei heavier than iron give a significant impact on a p-process yield as seen from the sensitivity of the p-nuclei yields on reaction rates (Rapp et al. 2006) . Dillmann et al. (2008) have performed p-process calculations for the same SN II model as in Rayet et al. (1995) by utilizing most recent stellar (n,γ) cross sections. They found that overproduction factors for almost all p-nuclides decreased by, on average, 7% and that the largest deviation is the reduction in 156 Dy by 39.2% in comparison with the result in Rapp et al. (2006) .
The p-process has also been suggested to occur in the outermost layer of the exploding carbon-oxygen (CO) white dwarf (WD) which is presumed to be a Type Ia supernova (SN Ia; Howard et al. 1991; Howard & Meyer 1992; Goriely et al. 2002; Kusakabe et al. 2005; Goriely et al. 2005; Arnould & Goriely 2006 ). Howard et al. (1991) calculated the p-process in a simple parametric model. In this model, it is assumed that the s-process produces seed nuclei with the mass number higher than 90 prior to the explosion. The high density environment during the passage of the shock wave makes proton capture reactions efficient in producing light p-nuclides, while the γ-process makes heavier p-nuclides. They reproduced the solar-like distribution of p-nuclei. Howard & Meyer (1992) calculated the pprocess nucleosynthesis in the delayed-detonation (DD) model and obtained an abundance pattern where the abundances of lighter p-nuclei are relatively large. When the solar abundance is used for the initial composition, the result implies that SN Ia has very small contribution to the galactic content of p-nuclei. However, when the s-process is assumed to occur as in the solar metallicity asymptotic giant branch (AGB) star, a sufficient yield of p-nuclei is obtained. In this case, the underproductions of Mo and Ru are reduced, compared to those in SNe II. Those authors concluded that contribution of SN Ia on Galactic p-nuclei was still uncertain. It is, therefore, worth further studies. Goriely et al. (2002) studied the p-process nucleosynthesis in the one-dimensional He-detonation model for a sub-Chandrasekhar mass CO WD, where the p-process would proceed in the accreting He layer. For the initial seed with solar abundances in accreting He-rich materials, the overproduction of Ca-to-Fe nuclei has been found to be a factor of ∼ 100 with respect to p-nuclei. This result means that the He detonating sub-Chandrasekhar mass CO WD model is not an efficient site for the synthesis of p-nuclei. Meanwhile, they have shown that by increasing the abundances of the initial heavy seeds with the solar composition by a factor of 100 the pnuclei yields are comparable to those of Ca-to-Fe nuclides. The resulting yields of p-nuclei in their onedimensional model have been confirmed to be very similar to those calculated by using a three-dimensional explosion model (Goriely et al. 2005) .
In light of the theoretical underproduction of 92,94 Mo and 96, 98 Ru, a precise measurement of terrestrial abundances of those isotopes is needed. Recently, de Laeter (2008) has shown that the abundances of p-nuclei of Mo and Ru were, on average, 4.3% lower than presently known ones. Unfortunately, the large underproduction problem of the Mo and Ru isotopes still remains.
In this paper, we have adopted a carbon-deflagration model (W7) for SN Ia (Nomoto et al. 1984) and analyzed the p-process nucleosynthesis. The used trajectories of temperature and density in exploding WD are largely different from those in the DD model by Howard & Meyer (1992) and in the parametric model by Howard et al. (1991) . It is, thus, important to investigate the Cdeflagration model as one of the possible sites for the p-process. The structure of this paper is as follows. The adopted SN model, nuclear reaction network, and initial compositions are described in Section 2. The results for some cases of initial compositions are analyzed in Section 3. Finally, we present conclusions in Section 4.
INPUT PHYSICS
2.1. The Supernova Model The adopted SN model is W7 in Nomoto et al. (1984) . The accreting WD with the initial mass of 1.0 M ⊙ has been cooled down for 5.8 × 10
8 yr before the onset of mass accretion. This WD has the composition of X( 12 C) = 0.475, X( 16 O) = 0.5, and X( 22 Ne) = 0.025. The WD mass increases at the accretion rate ofṀ = 4 × 10 −8 M ⊙ yr −1 . When the WD mass approaches M WD = 1.378 M ⊙ , carbon burning is ignited at the center. This forms a C-deflagration wave which propagates outward. The released nuclear energy of about 10 51 erg exceeds the binding energy of the WD so that the whole star is exploded. We use the time variations (trajectories) of temperature and density in the exploding layers (Nomoto et al. 1984) in order to calculate the production of p-nuclei.
We calculate the p-process nucleosynthesis in the heated layers where a peak temperature T m has the range of T m,9 = 1.86-3.60 (in units of 10 9 K). The corresponding peak densities are ρ m = 1.28 × 10 7 to 2.24 × 10 7 g cm −3 . These layers are located at mass coordinates of 1.143 < M r /M ⊙ < 1.280 and undergo explosive carbon and neon burning at a passage of the deflagration wave. The representative temperature and density trajectories are shown in Figures 1(a) and 1(b), respectively. It should be noted that the yields of p-nuclei are very sensitive to the temperature and density trajectories of exploding WD. The DD and C-deflagration (W7) models show completely different characteristics of trajectories. In the W7 model, the decreasing timescale of temperature in regions of T 2 × 10 9 K relevant to the p-process is 0.15-0.3 s, depending on mass shells. This timescale is ∼ 1.5-2 times longer than in the DD model by Howard & Meyer (1992) and 2-4 times shorter than in the parametric model with the assumption of e-folding time (0.6 s) by Howard et al. (1991) . During the p-process nucleosynthesis, the density in W7 model is higher than in the DD model and in the assumption in Howard et al. (1991) . The difference in density is also important and affects the yields of light p-nuclei resulting from proton capture reactions.
Nuclear Reaction Network and Initial Composition
The p-process nucleosynthesis is calculated by using the nuclear reaction network, in which 2565 nuclei from neutron and proton to Polonium (Z = 84) are combined with neutron, proton, α-induced reactions, and their inverses. We use the nuclear reaction rates based on the experiments and the Hauser-Feshbach statistical model, NON-SMOKER (Rauscher & Thielemann 2000) . The theoretical and experimental β-decay rates are adopted from the REACLIB database (F.-K. Thielemann 1995, private communication), which are supplemented by the theoretical rates of Möller et al. (1997) . We take the solar abundances from Anders & Grevesse (1989) to calculate the overproduction factor, X/X ⊙ , of the produced p-nuclei, where X is the mass fraction.
The seed abundances are important to consider the nucleosynthesis by the p-process in SNe Ia. In the W7 model, materials with solar compositions are accreted onto the surface of the CO WD. The accreted H-rich materials are transformed into He through the CNO cycle of H-burning. The main product of the CNO cycle, 14 N, is left in the He-rich region and is processed to 22 Ne through the α capture reactions. The main nuclei in the CO WD result in 12 C, 16 O, and 22 Ne. The accretion rate for the W7 model is high enough to avoid the occurrence of an He detonation in the subChandrasekhar mass stage (Nomoto 1982a,b) . Instead, He burning is ignited in a very thin shell at the base of the He-rich layer where electrons are partially degenerate. The He shell burning becomes thermally unstable in these conditions, which are similar to those in the He-burning shell of an AGB star. This results in the repeated occurrence of thermal runaway of He burning (He shell flash).
For enhanced p-process to occur in W7 model, sprocess must occur when the WD mass is 1.143-1.280 M ⊙ . For such high WD mass (as well as the high-mass C+O core of AGB stars), the temperature of the Heburning layer is high enough for the 22 Ne(α, n) 25 Mg reaction to take place (e.g. Fujimoto 1977; Truran & Iben 1977; Straniero et al. 2000) . There is an important difference between the accreting WD and the AGB star, i.e., the mass of the H-rich layer in the accreting WD is much smaller than the AGB star and thus the entropy of the H-layer is much smaller in the WD. Therefore, the mixing of H-rich material into the He layer is more easily to occur (Sugimoto & Fujimoto 1978) . Therefore, it is naturally expected that the s-process nucleosynthesis proceeds through the neutron source reactions of 22 Ne(α, n)
25 Mg as well as of 13 C(α, n) 16 O and finally creates a large amount of heavy nuclei.
The efficiency of the s-process in the accreting CO WD remains uncertain, and thus, we calculate the initial seed abundances for the p-process by using the canonical s-process model (Howard et al. 1986; Aoki et al. 2003; Terada et al. 2006 ). The nuclear reaction network for the s-process includes 602 nuclei connected with the neutron capture reactions, whose rates are taken from Bao et al. (2000) and Rauscher & Thielemann (2000) , and the β-decays, whose rates are adopted from Takahashi & Yokoi (1987) and REACLIB. Nuclei above 32 S are included in the seed composition since the s-process nucleosynthesis is dominant. In this investigation, we assume two sets of initial seed abundances with mean neutron exposure τ 0 = 0.15 (Case A) and 0.33 mb −1 (Case B) for the p-process. Figure 2 shows the seed abundance distributions normalized to the solar abundances, and Tables 1  and 2 show the seed abundances (by mass) in A and B, respectively. The seed abundance of B is fitted to the solar s-only nuclei, and thus, the distribution is similar to the solar s-distribution. The abundances of B are higher than those of A because the larger production efficiency is needed to get the constant s-distribution normalized to solar.
The He-exhausted core is composed of mainly 12 C and 16 O. The C/O abundance ratio (by mass) is assumed to be 0.95 (Case A1 in Table 3 ) in the W7 model. However, the C/O ratio should be changed by, e.g., the adopted reaction rate of 12 C(α, γ) 16 O which has a large uncertainty in the current experiments at a low energy (e.g., Makii et al. 2007 ). We investigate the influence of the different C/O ratio on the p-process nucleosynthesis by changing the C/O ratio from 0.56 (Case A2) to 2.55 (Case A3). The 22 Ne abundance left after the s-processing is also uncertain. The high abundance of 22 Ne may affect the p-process flows by the production of neutrons through 22 Ne(α, n) 25 Mg reaction. In order to investigate the influence, we calculate the case in which no 22 Ne abundance is left after the He shell flashes as an extreme case (Case A4). The 12 C, 16 O, and 22 Ne abundances for the adopted cases are summarized in Table 3 .
RESULTS

Case A1
Here, we show the result of Case A1, which is considered as the standard case in this investigation. 20 Ne first produced is photodisintegrated, and thus, 16 O is left (Figure 3(e) ). The explosive C-burning partially operates in layer 5, but the layer is not important for the p-process.
22 Ne is burnt by (α, γ) and (α, n) reactions in the layers 1-4. The peak abundances of α-particle are X α ∼ 10 −5 in all layers, which are larger than those in the p-process in SNe II (e.g., Prantzos et al. 1990 ). In the SN II model of Prantzos et al. (1990) 
is realized by the efficient photodisintegration of 20 Ne at T 9 ∼ 3, but it decreases to X α ∼ 10 −7 as the peak temperatures decrease. In the SNe Ia, α particle is also produced by the 12 C( 12 C, α) 20 Ne(γ, α) in spite of no initial 20 Ne abundance. The peak proton and neutron abundances are X p ∼ 10 −7 and X n ∼ 10 −10 , respectively, which are also larger than those in SNe II.
In the present model, neutron is produced mainly by the 22 Ne(α, n) reaction. The peak neutron number density is N n ∼ 10 22 -10 23 cm −3 , which is almost equivalent to that in the He-detonation of sub-Chandrasekharmass model (Goriely et al. 2002) . On the other hand, the peak proton mass fraction is about five orders of magnitude smaller than that in the He-detonation model (X p ∼ 6 × 10 −3 in the He-rich layer with T m,9 3). In the He-detonation model, the plenty of α-particles are present in the region where the p-process occurs and lead to the production of α-elements such as 40 Ca and 44 Ti. Further radiative α-captures bring the nuclear flow to the proton-rich side of the β-stability line, and then are followed by (α,p) reactions. This results in the very high proton mass fraction. In the C-deflagration model, on the contrary, the overproduction of proton does not take place, since the p-process occurs in outer CO-rich layers as explained below.
Nuclear Flow
The general production trends of various p-nuclei are understood through the analysis of nuclear flows. First, we see a nuclear flow in the layers with a high peak temperature. After a passage of the deflagration wave the high neutron density produced brings almost all the seed nuclei to the neutron-rich side through (n, γ) reactions. In this C-deflagration model, the abundances move to more neutron-rich region than in SNe II.
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(1) When the temperature exceeds T 9 ∼ 2, (γ, n) reactions bring back the nuclear flow to the β-stability line and further to the neutron-deficient region. There is a little flow which results in a leakage to lower Z through (γ, p) and (γ, α) photodisintegrations.
(2) Furthermore, when the temperature exceeds T 9 ∼ 3, (γ, p) and (γ, α) reactions become dominant, which drives nuclear materials from the neutron-deficient, high A region down toward the iron-peak element region. This flow to the iron-peak elements is terminated, since the photodisintegrations freeze out as the temperature of the heated layers decreases.
(3) In the layer with T m,9 ≃ 2.6, the (γ, n) reactions are predominant to the seed nuclei with neutron number N > 82 and create the production peak for most of the p-nuclei with N > 82. This result is seen for 196 Hg in Figure 4 .
180 Ta, which is one of the rare nuclei in nature, is produced directly through the photodisintegration of 181 Ta in Figure 4 . We note that the production of 180 Ta might become efficient even in layers with lower peak temperatures (T m,9 = 1.8-2.6; Prantzos et al. 1990 ). Unfortunately, we cannot investigate the p-process nucleosynthesis in such layers.
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(4) In a somewhat higher peak temperature region (T m,9 ∼ 2.7-2.9), (γ, n) reactions drive the nuclear flow to a sufficiently neutron-deficient region, and then, (γ, p) and (γ, α) reactions get effective to destroy seed nuclei with N > 82. Large amounts of heavy p-nuclei with N > 82 are produced in this peak temperature range from β + -decays of unstable isobars after freezing-out of the nuclear reactions. For example, the second production peak is found for 196 Hg in Figure 4 . The production of intermediate-mass p-nuclei with 50 < N < 82 (es- Pd show production peaks, but the abundances rapidly decrease when the peak temperature exceeds T m,9 = 3.3. Finally, all the N > 50 seed nuclei are photodisintegrated to the iron-peak elements. Only N < 50 p-nuclides ( 74 Se, 78 Kr, and 84 Sr) are produced in the layers with T m,9 = 3.3-3.6. In these hottest layers, the 16 O(γ, α) 12 C reaction produces 12 C, and following 12 C+ 12 C fusion reaction produces protons and α-particles which are identified as the second peak of their abundances in Figures 3(a) and 3(c). The synthesis of 74 Se, 78 Kr, and 84 Sr through proton captures, therefore, becomes effective. This results in the increases in the relative yields of the three p-nuclides and the slight increase in the mean average overproduction factor. However, we find that even at those high temperatures and even for the lightest three p-nuclei, the contribution of proton capture reactions to the production does not exceed that of photodisintegration.
Yields of p-nuclei
We calculate the overproduction factor F = X/X ⊙ which is the ratio between the produced abundances and the corresponding solar abundances for 35 p-nuclides in the 21 trajectories. The overproduction factors for five p-nuclides are plotted as a function of T m in Figure 4 . The selected nuclides are the same as those in Figure 3 of Prantzos et al. (1990) . It is seen from Figure 4 that each nucleus is produced in a narrow range of the peak temperature.
There is one clear difference between SNe Ia and SNe II. The temperature ranges for productions of pnuclei in SNe Ia are shifted to hotter layers than in SNe II ). In addition, in the W7 model the density of the p-process site (∼ 10 7 g cm −3 ) before the explosion is higher than in SNe II (∼ 10 5 g cm −3 ). Thus, the number of particles (baryons) is larger in SNe Ia and the particle-induced reactions are more dominant than in SNe II. It is also the reason why neutron capture reactions, which become efficient at first in this calculation, drive the nuclear flow into the neutron-rich region far from β-stability line (Section 3.1.1.). The peak temperature, at which photodisintegration gets predominant, is thus higher in SNe Ia so that the peak temperature region, in which p-nuclei are created, totally shifts to higher one than in SNe II.
The overproduction factor averaged over the considered p-process layers is calculated for a p-nucleus by the prescription
where F j is the overproduction factor in a trajectory j, M j is the Lagrangian mass coordinate of jth trajectory, and M p is the total mass (0.137 M ⊙ ) of the pprocess layer. We define the mean overproduction factor as F 0 = i F i /35, where i is a species of p-nucleus and the summation is taken for F values of 35 p-nuclei. Figure 5 shows the F values normalized to F 0 , in which the filled circles represent the result for Case A1. The numerical values for these quantities are listed in Table  4 .
In Case A1, 19 of 35 p-nuclides are produced in amounts within a factor of three around the mean of F 0 = 4657. As mentioned above, the peak temperatures of the used trajectories do not involve the range of 1.9 < T m,9 < 2.6. Hence, some degrees of increase in yields are expected in a C-deflagration model with finer mesh zoning for nuclei of which their production yields increase in the peak temperature region of T m,9 ≤ 2.6 (i. We compare the result of Case A1 with previous works. The pattern of normalized average overproduction factor F /F 0 for p-nuclides in this calculation is very similar to that in the SNe II models Rayet et al. 1995 Sn are also underabundant while the other nuclei show their nearly equal overproductions. The most remarkable difference is that in the C-deflagration model, severe underproductions of the Mo and Ru p-isotopes, which are the most puzzling problem of the p-process in SNe II Rayet et al. 1995) , are reduced by a factor of ∼ 6-12. However, they still remain underproduced with respect to the mean production level for 35 p-nuclei. We investigate the effect of the change in the abundance ratio between 12 C and 16 O on the p-process nucleosynthesis, keeping the initial abundances of 22 Ne and s-nuclei (Case A) fixed. Figure 6 shows the normalized average overproduction factors calculated for Cases A2 (stars), A1 (circles), and A3 (triangles) in the increasing order of 12 C/ 16 O ratio. The mean value F 0 for each case is listed in the fifth column of (Table 3) . We, thus, conclude that the nucleosynthetic results of p-process are not so sensitive to the abundance ratio between 12 C and 16 O if the ratio does not affect much the explosion timescale. It should be noted, however, that a variation of the C/O ratio could have an influence on the produced amount and pattern of p-nuclei by strongly affecting the explosion timescale.
From a comparison of the nuclear flows in Cases A1-A3, we note the following results. In layer 5 of Figure 3 , partial C-burning triggers the production of protons and α-particles. The abundance of α-particle is, therefore, higher when the C/O ratio is larger. Then, the 22 Ne+α reaction proceeds more efficiently, so that the 22 Ne(α, n) 25 Mg reaction supplies more neutrons for larger C/O ratio.
Effect of
22 Ne Abundance Second, we investigate the effect of 22 Ne abundance on the p-process yields by comparing the result of Case A1 with A4. In Case A4, the initial abundance of 22 Ne is assumed to be zero in order to examine the extreme case.
We compare the abundances of light particles in A1 with A4. The neutron abundances in A4 are 10-100 times smaller than those in A1 in the whole range of p-process layer. This is because the neutron supply through 22 Ne(α, n) 25 Mg reaction decreases due to no initial abundance of 22 Ne. Therefore, the nuclear flow does not reach so neutron-rich region in A4 at an early phase of the deflagration wave passage, while a larger amount of neutrons in A1 drive it to a more neutron-rich region.
The ratios of the F of each p-nuclide in A1 and A4 are plotted in Figure 7 . It is found that 74 Se, 78 Kr, 84 Sr, and 92 Mo are produced more abundantly in A4. Since the values of F 0 except for those four nuclei are almost the same (∼ 4930), their efficient productions are responsible for the increase of F 0 in A4.
Next, we investigate the differences of nuclear flow between A1 and A4. In the case of A1, 74 Se is created by 75 Se(γ, n) reaction in layer 1, but the (γ, n), (γ, p), and (γ, α) reactions photodisintegrate it. Also in layers 2-4, the 75 Se(γ, n) reaction produces 93 Mo(γ, n) reaction dominates to produce 92 Mo. In contrast, the proton abundances in A4 are by a factor of ∼ 10 larger than those in A1. This implies that the larger amount of protons involves the production of the four p-nuclei. In the case of A4, 73 As(p, γ) and 75 Se(γ, n) reactions first create 74 Se in layer 1. After the peak temperature exceeds T 9 = 3, (γ, p), (γ, α) and (γ, n) photodisintegrations overcome the production reaction of 75 Se(γ, n) and destruct 74 Se. In layers 2-4, the contribution of 73 As(p, γ) reaction to the production of 74 Se dominates that of 75 Se(γ, n) and 75 Br(γ, p) reactions. The production of 78 Kr comes from 79 Kr(γ, n) reaction, together with minor contribution of 77 Br(p, γ) reaction in layer 1, but the produced 78 Kr is destructed by (γ, p) reaction. In layers 2-4, the 77 Br(p, γ) is the dominant reaction to produce 78 Kr, compared to 79 Kr(γ, n) reaction. For 84 Sr, the production and destruction processes in layer 1 of A4 are almost the same as in A1. However, in layers 2-4 83 Rb(p, γ) reaction has also some contributions to the production of 84 Sr, together with 85 Sr(γ, n) reaction. For 92 Mo, the production and destruction processes in layer 1 of A4 are the same as in A1. In layers 2-4, 91 Nb(p, γ) reaction is important to produce 92 Mo and there is a small contribution of 93 Mo(γ, n). This result is largely different from the case of A1. Thus, proton capture reactions have an important role in the production of lightest four p-nuclides. Figure 8 shows the overproduction factor of 74 Se as a function of peak temperature for A1 and A4. The important contribution of proton captures to the production of 74 Se is found in the layer with the peak temperature T 9 ≤ 3.3. The production region of almost all p-nuclides extends to cooler layers in A4 than in A1. Figure 7 reveals that 180 Ta and 184 Os are underproduced in A4, compared to A1. The abundance peak of these two p-nuclei in A1 is found to be in the layer with T m,9 = 2.6.
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In the layer, 180 Ta is first created by 181 Ta(γ, n) reaction, which is later destructed by 180 Ta(γ, n) reaction as the temperature increases to its peak. The production and destruction timescales of 180 Ta depend on the inverse reactions. This is because the nuclear flow from 180 Ta to 179 Ta depends on the rates of 180 Ta(γ, n) and 179 Ta(n, γ) reactions. The reaction rate of photodisintegration is a function of temperature only. However, the reaction rate of neutron capture is dependent on the temperature, density, and neutron abundance which is larger in A1 than in A4. Thus, the contribution of neutron capture reactions in A1 is more important than in A4, and the destruction timescale of 180 Ta in A1 is longer than in A4. These facts lead to a larger abundance of 180 Ta in A1 left after the termination of nuclear processing.
The situation for the production of 184 Os is similar to that for 180 Ta. Os(γ, n) 184 Os(γ, n) 183 Os in A1 is relatively small due to a larger amount of neutrons than in A4. In addition, 183 Os(n, γ) creates 184 Os in the later phase of explosion in A1. As a result, the final abundance of 184 Os is by a factor of 15 larger in A1.
Effect of the Initial Abundances of s-nuclei on
Yields of p-nuclei Here, we examine the impact of different seed distributions of Cases A (A1-A4) and B with the enhancement from the solar abundance of heavy nuclei. In this investigation, we compare A1 with B, which has similar abundances to A1 for 12 C, 16 O, and 22 Ne in the CO core. Figure 2 shows that the overabundances of s-nuclei in Case B are by factors of 10-100 larger than those in A. Especially, in B heavy seed s-nuclei with A > 140 are about 100 times more abundant than in A. This leads to the increase of F 0 by a factor of 50 in B, relative to A. This increase is seen for each p-nuclide in Figure 5 , in which the normalized F is presented for Cases A1 74 Se-98 Ru shows significant reductions, which come from the decrease in relative abundances of seed nuclei near the p-nuclei, compared to heavy seed nuclei with A > 140.
The resulting distribution of p-nuclei shows important decreases in 74 Se-98 Ru as seen in B, if the distribution of heavy seed s-nuclei is similar to that of the solar distribution. This result is analogous to that obtained by the p-process in SNe II, but with the even worse reduction of 74 Se-84 Sr. Thus, we find that the distribution similar to that of the solar p-nuclei is obtained by the seed distribution attributed to the s-process under an environment with metallicity close to solar (Gallino et al. 1998) , although main neutron source might be 22 Ne(α, n) reaction.
The presupernova abundance of s-nuclei in the WD thus has a large impact on the p-process nucleosynthesis and is very crucial for the resulting yields of p-nuclei.
Contribution of C-deflagration SNe to the Galactic
Yields of p-nuclei The biggest question concerning the p-process nucleosynthesis is where the main production site is. In order to investigate this question, we estimate the contribution of SN Ia to galactic chemical evolution of p-nuclei by comparing the ejected mass of 56 Fe, a main product of SN Ia, with those of p-nuclei in Case A1.
Here, we introduce a net yield of each nuclide in SNe Ia, defined as a difference between the mass of the nuclide returned to the interstellar space at the SN explosion and the mass engulfed into a star at its birth. The pnuclei present at the star formation remain inside the pprocess layer before the explosion, but they are destroyed by photodisintegrations. In addition, we assume that the p-nuclei present in an accreted matter are burned by neutron capture during the s-process developing in the He intershell (see, e.g., Tables 1 and 2 ). Therefore, the p-nuclei ejected from the SN Ia explosion are only those ultimately produced in the p-process layer.
Assuming that the mass of CO core in the WD is approximately equal to that of the whole WD, the net yield for p-nuclide i is given by
where M WD = 1.378M ⊙ is the mass of the WD (Nomoto et al. 1984 ) and X i,⊙ is the solar mass fraction of p-nuclide i. The above prescription could also be applied to 56 Fe, so that the net yield of 56 Fe is
where M56 Fe is the mass of 56 Fe ejected by an SN Ia and X56 Fe,⊙ = 1.17 × 10 −3 is the solar mass fraction of 56 Fe. By taking a ratio between these quantities normalized to the corresponding solar mass fraction for respective nuclides, we can evaluate how many SN Ia events contribute to the galactic chemical evolution of one nuclide. The calculated ratio of yields between 56 Fe and a repre-sentative p-nucleus is as follows:
where the yield of the p-nucleus is derived by summing the net yields of each p-nuclide and averaging it over 35 p-nuclei. The yield ratio ( 16 O/p) between 16 O and the representative p-nucleus is also defined in the same way, in which the solar mass fraction of 16 O is assumed to be X16 O,⊙ = 9.59 × 10 −3 . In this C-deflagration model for an SN Ia, we obtain 56 Fe/p = 0.82 and 16 O/p = 0.023 for Case A1 (Tsujimoto et al. 1995) . These results indicate that p-nuclei are produced more than 56 Fe and 16 O when normalized to their solar abundances. We, therefore, conclude that SNe Ia can account for the galactic content of p-nuclei assuming that the seed s-nuclei are produced efficiently up to the overproduction level of ∼ 10 3 in He-rich layer accreting onto the degenerate CO WD. Goriely et al. (2002) calculated p-process nucleosynthesis in the sub-Chandrasekhar mass He-detonation model. The stable nuclei from Ca to Fe are overabundant with respect to p-nuclei by a factor of ∼ 100. They, therefore, concluded that the He-detonation model is not an efficient site for production of p-nuclei. Nevertheless, Goriely et al. claimed that if the initial abundances of s-nuclei are enhanced over their solar values by a factor of 100, p-nuclei are produced at the same level as CaFe, while such enhancement of the s-nuclei is not trivial in the He-detonation model. On the other hand, in the present C-deflagration model the overproduction factors for ejected p-nuclides and stable nuclides lighter than Fegroup elements are plotted as a function of mass number in Figure 9 and are listed in Table 5 . From this figure, it is found that F Ca Fe ∼ F p is realized with some enhancements of heavy seed nuclei, which are a natural consequence from the accretion of H-rich matter onto a CO WD with an appropriate rate of mass accretion, although the enhancement level of heavy seed nuclei remains ambiguous. This means that the C-deflagration model is ∼100 times more effective in enriching a galaxy with pnuclei, if the assumed level of enhancement is valid.
Comparison with Previous p-process Calculations
As mentioned in Section 1, the DD model for SNe Ia may also produce an important amount of p-nuclei if the prior enhancement of s-nuclei in a Chandrasekhar mass WD model is taken into account (Howard & Meyer 1992) as in our present assumptions. However, the enhancement of s-nuclei is not trivial for the double degenerate scenario of SN Ia in a Chandrasekhar mass model. Arnould & Goriely (2003) have calculated the pprocess nucleosynthesis in the W7 model for SNe Ia adopting two cases as an initial abundance of heavy seed nuclei. The resulting pattern of yields of p-nuclei in Arnould & Goriely (2003) under the assumption of the solar abundance for initial seed shows the following difference from our Case A. Normalized abundances of pnuclei for Mo-Ce in Arnould & Goriely (2003) are much smaller, but those for heavier p-nuclei are larger. This trend represents the solar abundance of p-nuclei themselves. On the other hand, their result for the initial seed distribution representative of the s-process in AGB stars of the solar metallicity is similar to that of Case A. It is, however, found that there exists a difference of the pattern between our Case A and Arnould & Goriely (2003) for p-nuclei with N > 82, while the pattern for pnuclei with N ≤ 82 is similar. This result represents that the abundance pattern for heavier p-nuclei is very sensitive to initial seed distributions. It should be noted that the differences in yields of 113 In, 158 Dy, and 190 Pt are larger than those within nuclear uncertainties evaluated by Arnould & Goriely (2003) . Prantzos et al. (1990) studied the p-process in SNe II using the model for SN1987A, and obtained
, where F O stands for the overproduction factor of oxygen. They claimed that the solar system content of p-nuclei does not come from SN1987A-like SNe. One reason may be attributed to the abundances of seed nuclei which reflect low metallicity in the Large Magellanic Cloud. Rayet et al. (1995) derived the ratios of yields for oxygen and p-nuclei from star models with masses of 13, 15, 20, and 25 M ⊙ and averaged them over the initial mass function (IMF). They found that the resulting ratio was F O /F p = 4.2. These results, thus, imply that p-nuclei are not sufficiently produced, compared to the main product in SNe II and suggest that the other production sites have an important contribution to the galactic evolution of p-nuclei. Accordingly, the C-deflagration model for SNe Ia is one of the promising sites for the p-process because sufficient amounts of p-nuclei are produced relative to 16 O within our assumptions.
Using the results of this study and previous works, we estimate how many SNe Ia and SNe II contribute to the galactic evolution of p-nuclei. We assume that all SNe Ia would typically experience the p-process as in Case A1. First, we adopt the ratios of overproduction factors 56 Fe/p = 0.82 for our SN Ia model and 16 O/p = 4.2 for SNe II (Rayet et al. 1995) . We also take the ejected masses of 16 O and 56 Fe from the W7 model for SN Ia and the IMF-averaged masses of these nuclides from SNe II (Tsujimoto et al. 1995) . These masses normalized to the corresponding solar abundances are summarized in Table 6 . Values for p-nuclei are estimated from the yield ratios between p-nuclei and the main products ( 56 Fe for SN Ia and 16 O for SN II). In order to compare these yields between SN Ia and SN II, we adopt the ratio of the occurrence frequency of SNe Ia to that of SNe II, ∼ 0.15 (Tsujimoto et al. 1995) . From the values in Table 7 , we find that SNe Ia contribute about 70% of the p-nuclei in the solar system. It should be noted that there is still a small underproduction of pnuclei with respect to 16 O, i.e., 16 O/p = 2/1.46 = 1.4, while the ratio of the yields between 56 Fe and p-nuclei almost agrees with that of the solar abundance, i.e.,
56 Fe/p = 1.57/1.46 = 1.1.
CONCLUSIONS
We calculate the p-process nucleosynthesis in the carbon-deflagration model for SNe Ia (W7 model in Nomoto et al. 1984) with realistic initial abundances of s-nuclei. The temperature and density trajecto-ries in W7 are different from those of the DD model adopted in Howard & Meyer (1992) and the parameter study (Howard et al. 1991 ). The adopted s-process patterns are also different from the previous study. We investigate the effects on productions of p-nuclei of (1) the different initial 12 C abundances which affect the explosive C-burning, (2) the uncertain initial abundance of 22 Ne at the explosion, whose (α, n) reaction is an important neutron source for the s-process occurring during the He shell flashes, and (3) the different distributions in the s-process which provides initial seed abundances for the p-process. Our findings are summarized as follows.
1. In all cases we considered, more than 50% of pnuclides are co-produced at almost the same degree of enhancements with respect to their solar abundances. We find that SNe Ia can produce Mo and Ru p-isotopes ∼ 6-12 times more in Case A1 than SNe II on the basis of the mean overproduction factor of p-nuclei, although the problem of the relative underproduction still remains. The patterns of p-nuclei obtained in this study are different from those in Howard & Meyer (1992) and Howard et al. (1991) , reflecting the differences in temperature and density profiles and initial distribution of seed nuclei. In addition, it is confirmed that the pprocess layer in this C-deflagration model shifts to a higher temperature region than that in SNe II.
2. The effect of variable C/O ratio in the initial composition of the CO WD on the p-nuclei yields is small. On the other hand, the effect of the initial Ne considered in this study also affect the p-process through supplies of neutron, proton, and α-particle emerging during the explosion.
3. The effect of initial abundances of s-nuclei on the p-process is large. If the s-process efficiently contributes to the production of seed nuclei, yields of p-nuclei increase and relative yields of heavy p-nuclei are enhanced more than those of lighter ones. Such enhancement of s-nuclei is expected for the single degenerate scenario of the Chandrasekhar mass model, but not trivial in the double degenerate scenario.
4. This result leads to a possibility that SNe Ia play an important role in the galactic evolution of p-nuclei. The p-nuclei are produced by a factor of ∼ 1.2 more than 56 Fe when normalized to the solar abundances. SNe Ia, therefore, may have contributed to the enrichment of p-nuclei more effectively than SNe II (about twice in Case A1). Our calculation involves an uncertainty in the initial abundances of nuclides (e.g., 22 Ne) in the Cdeflagration model of the exploding CO WD. This has a great influence on abundances of background particles, i.e., protons, neutrons, and α-particles in the p-process nucleosynthesis. There is also an important uncertainty in the s-process in presupernova stars which affects initial distributions of the s-nuclei and the remaining 22 Ne abundance. Studies of the s-process nucleosynthesis during the presupernova evolution of accreting WDs are necessary to clarify if the p-process in SNe Ia could really produce enough abundances of p-nuclei. Despite these uncertainties, the present study strongly suggests that SNe Ia, as well as SNe II, could be a probable production site of the solar p-nuclei. Figure 1 . Trajectories of temperature (a) and density (b) as a function of time in the W7 model. The labels refer to the trajectories in the layers with the peak temperatures in units of 10 9 K, i.e., T m,9 = Tm/(10 9 K) = 3.60 (1), 3.17 (2), 3.01 (3), 2.85 (4), and 1.86 (5). Table 3 ). Figure 7 . Average overproduction factors in Case A4 with respect to those in Case A1 (Table 3) , i.e., F A4 / F A1 for p-nucleus. Note.
-(This table is available in its entirety in a machinereadable form in the online journal. A portion is shown here for guidance regarding its form and content.) Note.
-As for values of SNe II, the IMF averages in Tsujimoto et al. 1995 are used. a Values of M i /X i,⊙ for nuclei i and average over p-nuclei. Note. -Ratios of masses that have ever been ejected in the Galaxy by two types of SN events to the corresponding solar mass fractions. Values are normalized so that the p-nuclei for SNe Ia are unity.
